Nicotinamide adenine dinucleotide phosphate (reduced form) -nitrate reductase was freed from ammonium repression in a Neurospora crassa mutant having drastically lowered glutamine synthetase activity, gin-la. The general phenomenon of nitrogen metabolite repression required glutamine or some aspect of glutamine metabolism.
Because of their metabolic diversity and ease of genetic manipulation, fungi are particularly suited to studies on the regulation of gene expression in eucaryotes. One research approach has primarily exploited nitrogen metabolism in several of these organisms, notably Aspergillus nidulans (15) , Saccharomyces cerevisiae (7) , and Neurospora crassa (13) . Growth of these fungi on ammonium ions as the sole nitrogen source leads to repression of the expression of a variety of alternative metabolic pathways and permeases for the acquisition or production of reduced nitrogen for biosynthetic purposes, socalled "ammonium repression" (9) . Although the mechanism of ammonium repression is unknown in N. crassa, it is thought to entail a cessation of positive gene regulation. This positive gene regulator is presumably a product of a gene termed nit-2 because mutation in this locus leads to a pleiotropic loss in the ability to achieve expression of a number of genes responsible for the utilization of alternative nitrogen sources. In the absence ofammonium, these alternative systems are derepressed so that the organism can fill its nitrogen nutritional needs (9) . In some cases, induction by appropriate substrates is necessary for effective expression of these alternative pathways. For example, provided ammonium is not present, nitrate, nitrite, or both will dramatically enhance the expression of the nitrate assimilatory pathway to lead to ammonium formation from these oxidized precursors; this phenomenon is termed "nitrate induction" (10) . The major fate of the ammonium formed via these pathways is, first, the amination of a-ketoglutarate to form glutamic acid in an NADPH-dependent reaction catalyzed by NADP-glutamate dehydrogenase. The glutamate thus formed is then amidated by a second equivalent of ammonium in an ATP-dependent reaction mediated by glutamine synthetase. (4) suggested that ammonium repression was in reality mediated by some other nitrogen metabolite and would more appropriately be termed nitrogen metabolite repression.
Pursuant to these observations, we have examined the nature of nitrogen metabolite repression in a mutant of N. crassa having drastically lowered (1/20 of wild type [5] ) glutamine synthetase activity, the gln-la mutant (allele R1015). Whether the gln-i locus represents the structural gene for glutamine synthetase has not been established yet; studies of the glutamine synthetase in the gln-la mutant indicate alterations in the structure of the enzyme (5). Table  1 shows the effects of various nitrogen sources on the activities of NADPH-nitrate reductase and NADP-GDH in both wild-type (74-OR23-1A) N. crassa and the gin-la mutant. As previously established (4), NADPH-nitrate reductase is repressed by ammonium in the wild type, even in the presence of nitrate (note the activity cited in the "NH4NO3" column). Further, any of several amino acids (glutamine, glutamate, proline, and glycine are shown) leads to significant repression of nitrate reductase, again, even though nitrate is present. In marked contrast, NADPH-nitrate reductase in gln-la is not repressed by ammonium nor any amino acid except glutamine. Note that the NADP-GDH levels in both wild type and gln-la do not undergo such enormous fluctuations in response to these conditions of nitrogen nutrition. These results demonstrate that NADP-GDH itself cannot be decisive in this regulation and suggest nitrogen metabolite repression involves either glutamine or some product or aspect of glutamine metabolism. Cook and Anthony (2) on the basis of recent studies of ammonium transport in A. nidulans also suggest that glutamine and glutamine synthetase may be important in the regulation of certain aspects of nitrogen metabolism.
NADPH-nitrate reductase activity characteristically undergoes a rapid decline in N. crassa cultures deprived of nitrogen or carbon or pre- (8) . Ammonium represses urea transport in the wild type and thus renders it thiourea resistant. The urea transport system permits growth of the wild type on very low urea levels ( Table 2 ). The gln-la mutant is both chlorate and thiourea sensitive in the presence of ammonium because ammonium cannot lead to repression of nitrate reductase (Table 1) nor, apparently, urea transport in this mutant (gln-la does not grow on urea as the sole N-source because it requires glutamine for growth). Glutamine but not glutamate will render gln-la resistant to chlorate in these plate tests (not shown). The effects of gln-la on nitrogen metabolism appear pleiotropic, affecting systems as diverse as nitrate (14) . As isolated, N. crassa glutamine synthetase has a molecular weight of 370,000 and exists as an octamer of identical 47,000 molecular weight subunits. Mora et al. (5, 11) have reported that the oligomeric state of glutamine synthetase in vivo is apparently a function of the nitrogen status of the celLs. In the presence of excess ammonium, glutamine synthetase exists as an octamer (11) . In limiting ammonium, the enzyme is predominantly in a tetrameric state (5 Figure 1 shows the effects ofnitrogen nutrition on the distribution of glutamine synthetase between its various oligomeric forms in the wild type and in the gin-la mutant. Note that glutamine synthetase is predominantly in the octameric (more rapidly sedimenting) state in wild-type mycelia grown on ammonium nitrate (Fig. 1B) , conditions repressing nitrate reductase. Under conditions of nitrate reductase expression, i.e., growth on nitrate as the sole nitrogen source, the glutamine synthetase in wild-type mycelia is apportioned almost equally between the tetrameric and octameric forms (Fig. 1A) , indicating the occurrence of a significant shift in distribution. Glutamine synthetase in gin-la mycelia is predominantly tetrameric whether NaNO3 or NH4NO3 serves as the nitrogen source. Nitrate reductase in gin-la is fully expressed under either condition (Table 1) .
On the basis of the results reported here, we propose that nitrogen metabolite repression is ultimately governed by glutamine or glutamine synthetase. An obvious means to effect such regulation would be to influence the expression of the nit-2 locus. For dialectic purposes, we (5) Our results are equally consistent with the notion that glutamine itself may be the key regulatory element either via nit-2 gene repression or inactivation of the nit-2 gene product, although it is difficult to envision a direct action of this metabolite at the gene level. We suggest the glutamine synthetase octamer as the putative regulatory agent at this time both for the sake of simplicity and by analogy with the role of the procaryotic glutamine synthetase system in gene regulation (17) . Magasanik et al. (12) have shown that glutamine synthetase in Klebsiella is involved in the expression of alternative pathways of nitrogen acquisition in this bacterium, such as histidine utilization (the hut genes) and nitrogen fixation (the nif genes). We are presently undertaking genetic analysis of glutamine metabolism in N. crassa to confirm these proposals.
